Hydroxycinnamic acid compounds are an important source of antioxidants due to their ubiquitous occurrence in the plant kingdom and their characteristic activities. Due to their antioxidant activity, several researchers have attributed a probable role of these compounds in the prevention of various diseases associated with oxidative stress, such as cancer and cardiovascular diseases. Recent evidence suggests that these compounds may also act by other mechanisms in addition to the antioxidant capacity as modulating the activity of some specific enzymes and inhibit cell proliferation. This paper is a comprehensive review of the effects of hydroxycinnamic acids on cancer. The review encompasses the occurrence and bioavailability of these compounds evidences for their effects on cancer and the various mechanisms by which may exert their effects. There are several common mechanisms by which these chemicals exert their effects that could be conducive to additive, synergistic, or antagonistic interactions. These include effects on cellular differentiation, proliferation, and apoptosis; effects on proteins and enzymes that are involved in these processes at a molecular level, and other various effects through altered immune function and chemical metabolism.
Introduction
Phenolic compounds are secondary metabolites of plants widely distributed in foods and beverages of plant origin. They are secondary metabolites of these plants and are involved in defense against ultraviolet radiation or aggression by pathogens (Manach et al., 2004) . These compounds may be classified in phenolic acids and flavonoids (Farah & Donangelo, 2006) .
Phenolic acids are molecules with one phenol ring bound with one or more hydroxyl groups, found in fruits, vegetables and products derivatives (Liu, 2004) . These substances can be subdivided into two major groups: derivatives of hydroxybenzoic acids and derivatives of hydroxycinnamic acids (Figure 1) (Manach, Scalbert, Morand, Rémésy & Jiménez, 2004) .
The hydroxybenzoic acids ( Figure 1A ) are components of complex structures of tannins and lignins and are less abundant in plants consumed by humans (Manach et al., 2004) . Its derivatives include p-hydroxybenzoic, protocatechuic, vannilic, syringic and gallic acids. On the other hand, the hydroxycinnamic acids ( Figure 1B ) are the largest class of phenolic compounds (Huang, Johanning & O'Dell, 1986; Herrmann, 1989) , represented by caffeic, p-coumaric and ferulic acids ( Figure 1A ) (Crozier, Jaganath & Clifford, 2009; Lafay & Gil-Izquierdo, 2008; Karakaya, 2004) . Caffeic acid (CA) is the main hydroxycinnamic acid found in foods, mainly as chlorogenic acid (CGA).
(diCQA), with at least 3 isomers per subclasses (Farah, Monteiro, Donangelo & Lafay, 2008; Monteiro, Farah, Perrone, Trugo, & Donangelo, 2007; Farah & Donangelo, 2006) . CGA is found in many types of fruits (such as apples, blueberries, cherries, kiwis and plums), vegetables (chicory, potato and artichoke) and herbs (Ilex paraguariensis and Achyrocline satureioides), being coffee the main source in the Western diet (Marques & Farah, 2009; Manach et al., 2004; Clifford, 2000) . The presence of phenolic compounds in plants has been studied by participating in processes responsible for color, astringency and flavoring in different foods. Furthermore, due to their antioxidant activity, several researchers have attributed a probable role of these compounds in preventing of various diseases associated with oxidative stress, such as cancer and cardiovascular and neurodegenerative diseases (Manach et al., 2004; Johnston, Clifford, & Morgan, 2003; Natella, Nardini, Giannetti, Dattilo & Scaccini, 2002) .
Metabolism, Absorption and Bioavailability of Hydroxycinnamic Acids
Until recently, only traces of CA and/or 5-CQA had been identified in both animal and human plasma (Lafay et al., 2006; Wittemer et al., 2005; Olthof, Hollman, Buijsman, Van Amelsvoort, & Katan, 2003; Rice-Evans, Spencer, Schroeter, & Rechner, 2000) . However, currently it is known that the absorption of CGA is much higher than previously thought and studies have been shown that some individuals seem to be able to absorb up to 73% of the total of CGA ingested . some of its metabolites (caffeic acid, ferulic, isoferulic, and p-coumaric acid) are also bioavailable in humans with concentrations around 1.0 μmol/L Monteiro et al., 2007) . These values should be considered when carries out studies to evaluate the pharmacological properties of CGA, which often use concentrations a thousand times above these values.
Recently, Farah et al. (2008) and Monteiro et al. (2007) demonstrated for the first time that main isomers of CGA 3, are bioavailable in the human body. These results indicated that a small percentage of CGA ingested are absorbed in stomach, been the major part absorbed and metabolized in the small intestine. Studies have shown that CGA follows intact toward intestine, where they would be conjugated, absorbed and/or metabolized (Duarte & Farah 2011; Marques & Farah, 2010; Monteiro, Marques & Farah, 2010) . In rats, Choudhury et al. (1999) suggested that at least a small amount of 5-CQA ingested is absorbed preferentially by jejunum when compared to ileum (Figure 3) . The CGA not absorbed by small intestine seem to follow until the large intestine, where they would suffer bacterial action. In fact, Couteau et al. (2001) reported that a large number of intestinal bacteria expressed esterase activity and are capable of hydrolyzing CGA to form caffeic acid and other metabolites in the intestine. These esterase activity are able to release cinnamic acid of CGA structure, which can then be absorbed and metabolized to its primary metabolites (caffeic acid, ferulic, isoferulic, and p-coumaric) (Couteau et al. 2001) . Additionally, Konishi et al. (2004) demonstrated that CA liberated from CGA by intestinal mucosa esterase, is not only absorbed via paracellular diffusion but also actively absorbed by the monocarboxylic acid transporter www.ccsenet.org/cco Cancer and Clinical Oncology Vol. 1, No. 2; 2012 112 (MCT) (Figure 3 ).
Part of CGA appears to be directly absorbed by the portal system following to the liver, where they would then metabolized, stored and/or released gradually by bile for an enterohepatic circulation (Baer-Dubowska & Szaefer, 1998; Olthof et al., 2003; Manach et al., 2004) . In fact, presence of CGA, CA, and ferulic and p-coumaric acids free in saliva, gastric and enteric fluids of human after 12 h of fasting has been reported in the literature . This would agree with the hypothesis proposed by Booth et al. (1957) , in which the author suggested that 5-CQA could stand being stored in the human body.
Antioxidant Activity of Hydroxycinnamic Acids
Phenolic compounds have been widely studied due to their influence on food quality. They are constituted by a large amount of substances, among them hydroxycinnamic acids, which have antioxidant properties, as a result of their chemical structure.
Hydroxycinnamic acids have been consistently associated with reduced risk of cardiovascular disease, cancer and other chronic diseases (Spencer, El Mohsen, Minihane & Mathers, 2008) . The ability of these substances in scavenges free radicals and pro-oxidant metals (antioxidant) partly explain this association. Recent evidence suggests that these compounds may also act by other mechanisms in addition to the antioxidant capacity as modulating the activity of some specific enzymes and inhibit cell proliferation (Manach, 2004) . General antioxidant capability of the hydroxycinnamic acids in vitro can be expressed by the decreased malondialdehyde formation in several lipid peroxidation systems; scavenging of O 2 and decreased rates of OH' formation (Laranjinha et al., 1994) .
Comparing the reducing power of hydroxycinnamic acids, CA proved to be a superior antioxidant compared with p-coumaric and ferulic acids, in inhibiting LDL oxidation and quenching of radicals and singlet oxygen (Gulçin, 2006) . Chlorogenic acids and CA have an antioxidant potency in vitro and might inhibit the formation of mutagenic and carcinogenic N-nitroso compounds (Tapiero, Tew, Nguyen Ba, & Mathé, 2002) . CGA and CA showed ability to inhibit N-nitrosation of an aromatic compound (2,3-diaminonaphthalene) via scavenging nitrogen sesquioxide (N 2 O 3 ) faster than most of other antioxidants (Kono et al., 1997) . Nakatani et al. (2000) demonstrated that some CGA isomers (3-, 4-and 5-CQA) isolated from prune showed antioxidant activity, such as elimination of superoxide radicals and inhibitory effect against oxidation of methyl linoleate. Additionally, Natella et al. (2002) evaluated the antioxidant capacity of coffee and black tea and showed that coffee has a higher antioxidant capacity than tea in hydrophilic medium. Whereas both drinks have phenolic compounds with different capabilities antioxidant activities, substances possibly responsible for these effects would be CA in coffee and catechins in tea.
In the same way, oxidative injuries can also perturb the cellular energy homeostasis by disrupting the mitochondrial integrity. Reactive oxygen species (ROS) can induce permeabilization of the mitochondrial membrane resulting in the release of apoptosis initiating factors (AIF), such as cytochrome c, Smac/DIABLO and dissipation of the mitochondrial membrane potential (Clifford, 2000) . Furthermore, increased levels of ROS induce the activation of capases-9 and -3, which will lead to apoptosis (Ashkenazi & Dixit, 1999) .
Although the mechanism by which the hydroxycinnamic acids prevent oxidative stress are not yet fully elucidated, it seems to be mediated by translocation of Bad from the cytosol to the mitochondria where it dimerizes with Bcl-2 and Bcl-XL thereby neutralizing their mitochondrial stabilizing effect (Johnston, Clifford & Morgan, 2003) . Chlorogenic acids may prevent oxidative stress induced mitochondrial transition pore complex opening by decreasing production of Bax and Bak protein, favoring an increase in Bcl2-BclXL/Bax-Bak ratio (Johnston et al. 2003) .
In vivo animal models, the physiological relevance of CA through a direct contribution to the antioxidant defense system was demonstrated by Nardini et al. (1997) . Dietary supplementation of CA (0.2 and 0.8% w/w) in rats resulted in a statistically significant increase of alfa-tocopherol both in plasma and in lipoprotein. Lipoproteins from caffeic acid-fed rats were more resistant than control to Cu2+catalyzed oxidation.
Role of Hydroxycinnamic Acids on Different Cancer Cells
Cancer is already the leading cause of death in many high-income countries and is set to become a major cause of morbidity and mortality in the next decades in every region of the world, in spite of the enormous amount of research and rapid developments that have proceeded in the past decade. Therefore, considerable attention has been focused on chemoprevention as an alternative approach to the control of cancer (Kang, Shin, Lee, & Lee, 2011) .
Evidence that hydroxycinnamic acids may have a potential inhibitory effect on cancer invasion and metastasis is increasingly being reported in the scientific literature (Weng & Yen, 2012) . During the last years many efforts have been made in order to elucidate the mechanisms involved by which hydroxycinnamic acids prevents cancer. These evidences are described below and summarized in Table 1 . The possible mechanisms involved in anti-cancer effect of hydroxinamic acids is summarized in Figure 4 and we discuss depending on the site of cancer. The signaling molecules being activated by hydroxycinnamic acids are shown in italic and those being suppressed by hydroxycinnamic acids are shown in bold
Colon Cancer
The colon cancer appears as the third most common type of cancer among men and the second among women. Studies have shown that the risk of developing colorectal cancer can be prevented by diet, with a decreased intake of dietary fat and an increased intake of cereal grains and dietary fiber (Parkin, Pisani & Ferlay, 1999) . Inflammatory bowel disease is another risk factor for development of colon cancer (Yio & Itzkowitz, 2004) . Inflammatory agents that suppress NF-kB or NF-kB-regulated products should have a potential in both the prevention and treatment of cancer. Nuclear factor kB (NF-kB) is a transcription factor and essential component link between inflammation and cancer. In innate immune pre-neoplastic and malignant cells, NF-kB upregulates inflammatory cytokines and enzymes including cyclooxygenase-2 (COX-2) and inducible nitric oxide (iNOS), which are an important factor for the synthesis of inflammatory mediators prostaglandin E2 (PGE2), anti-apoptosis, angiogenesis and metastasis (Puangpraphant, Berhow, Vermillion, Potts & Mejia, 2011) . Puangpraphant et al. (2011) demonstrated that 3,4-, 3,5-and 4,5diCQA fractions shown anti-inflammatory effect by suppressing the COX-2/PGE2 and iNOS/NO pathways. The diCQA fractions reduced nitric oxide (NO) by inhibiting iNOS enzyme. The capacity in reducing NO production of diCQA fraction was compared to CA. Besides this, CA showed an inhibitory effect of matrix metalloproteinase-9 (MMP-9) activity, which is known to be involved in tumor cell invasion and metastasis and anti-inflammatory activities. Additionally, it was shown that diCQA fractions inhibited proliferation of RKO and HT-29 human colon cancer cells. The diCQA fractions inhibited RKO and HT-29 cell proliferation by inducing apoptosis rather than arresting cell cycle. Apoptosis occurs through induction of the ratio of Bax:Bcl-2 protein expression and diCQA induced the cleavage of procaspase-3 to active caspase-3, which is a key step of apoptosis (Puangpraphant et al., 2011 participating in these processes, which involve degradation of environmental barriers such as the extracellular matrix (ECM) and the basement membrane. Weng & Yen (2012) showed that CT26 cells treated with caffeic acid phenyl ester (CAPE) exhibited not only cell invasion inhibition, but also a decrease in matrix metalloproteinase (MMP)-2/-9 and vascular endothelial growth factor (VEGF) productions. Intraperitoneal injection of CAPE into BALB/c mice reduced the pulmonary metastatic capacity of CT26 cells and decreased the plasma VEGF level.
On the other hand, when HCT116 cells were exposed to CAPE in different concentrations and times, CAPE displayed a strong growth inhibitory effect in a dose and time-dependent manner against HCT116 cells. Flow cytometry analysis showed that the ratio of G 0 /G 1 phase cells increased, the S phase ratio decreased and apoptosis rate increased after HCT116 cells were exposed to CAPE (10, 5 and 2,5 mg/L) for 24 h (Wang et al., 2005) . Eberhardt et al. (2000) reported that apple extracts inhibited the proliferation of Caco-2 cells in dose-dependent manner. Additionally, McCann et al. (2007) demonstrated that the hydroxycinnamic acids components of apples were linked to inhibition of colon cancer in vitro. These phenolic compounds extracted from apples beneficially modulated three risk biomarkers of colorectal cancer in vitro without any cytotoxic effect. DNA damage was decreased (associated with tumor initiation), colonic barrier function was enhanced (associated with decreasing tumor promotion) and invasive potential was reduced (associated with reduced tumor metastatic potential). 
Gastric Cancer
Gastric cancer is the second highest cause of cancer-related death in men and the fourth among women (Kim et al., 2011) . The etiology of gastric cancer involves Helicobacter pylori (H. pylori) infection, chronic active or atrophic gastritis and intestinal metaplasia. Integrated research in molecular pathology has shown that gastric cancer is a chronic proliferative disease characterized by multiple genetic and epigenetic alterations, i.e., a disease of altered gene expression.
H. pylori colonization may also activate nuclear factor-kappa B (NF-kB). Thus, NF-kB has become a good therapeutic target for gastric cancer and numerous efforts are being made to develop safe NF-kB inhibitors. Among hydroxycinnamic acids, the most hopeful is caffeic acid phenethyl ester (CAPE), which is a phenolic antioxidant structurally related to 3,4-dihydroxycinnamic acid, and can be obtained from propolis, a honey constituent. H. pylori infection enhanced the activity of NF-kB and the expressions of MMP-9, IL-1b, and IL-8 in gastric adenocarcinoma cell line. However, the augmented responses could be significantly reversed by CAPE treatment. In addition, in vitro studies showed that CAPE inhibits tumor growth and the capacity for invasion. (Ribeiro & Safatle-Ribeiro, 2007) .
Nuclear expression of NF-kB was significantly more frequently observed in gastric cancer tissues than in nonmalignant gastric tissues. Wu et al. (2007) demonstrated that CAPE reduced MMP-9 expression induced by H. pylori and inhibited the invasive capacity of gastric cancer cells stimulated by IL-8 (inflammatory response) (Wu et al., 2007) .
Recently, other natural products such as cinamic acids, coumarins and their components have been reported to have anti-H.pylori activity. Kim et al. (2011) investigated anti-gastritis activities of Cimicifuga heracleifolia (CH) ethanol extract which contains ferulic acid and caffeic acid. Their results showed that hydroxycinnamic acids exhibited higher free radical scavenging activity than other constituents and inhibited colonization of H. pylori effectively. In addition, the cytotoxic effects of CH ethanol extract and its constituents were investigated in SNU638 and AGS gastric cancer cell lines. The results showed that caffeic acid was more sensitive in AGS cells than in SNU638 cells, suggesting that this compound have a direct anti-cancer effect and protects against gastric injury induced by H. pylori (Kim et al., 2011) . Additionally, Kurata et al. (2007) isolated diCQA from sweet potato leaf and showed that diCQA depressed Kato III (human stomach carcinoma cell line) cell growth in a dose-dependent manner. 
Liver cancer
Epidemiological evidence suggests that moderate coffee consumption may help to reduce the risk of liver cancer, and the risk falls as coffee consumption rises. Literature indicates an inverse dose-dependent relationship between coffee consumption and the risk of hepatocellular carcinoma independent of its etiology (Gelatti et al., 2005) . Natella et al. (2002) demonstrated that the roasted coffee extract has phenolic compounds which are capable to increase the antioxidant activity in human plasma. Besides antioxidant activity of coffee constituents, studies show that polyphenols presented in coffee can activate the endogenous antioxidant system, leading to increased levels of hepatic glutathione, inhibition of lipid peroxidation and protection of rats liver from hepatotoxic action (Marsella, Di Benedetto, Vari, Filesi & Giovannini, 2005) .
Chlorogenic acids, however, revealed an anti-invasive activity in rat ascite hepatoma cell line (AH109A) and inhibited MMP-9 expression in Hep3B cells (Weng & Yen, 2012) . Additionally, CA demonstrated that suppresses invasion of AH109A cells in vitro. Treatment of HepG2 cells with CA and CAPE can suppress PMA-induced MMP-9 expression by inhibiting the binding activity of NF-κB. CAPE exerts anti-invasive potential through inhibition of MMP-2 and -9 expressions, possibly by targeting NF-κB in SKHep1 cells (Weng & Yen, 2012) . Jaganathan & Mandal (2009) showed that both CA and CAPE promoted a dose-dependent inhibitory effect on HepG2 cell proliferation. In HepG2 cells, CA (concentration of 200 μg/mL) reduced the cell viability to 61% compared to control, and treatment with CAPE (low concentration of 20 μg/mL) reduced the viability to 72% compared of control. CAPE and CA suppressed MMP-9 expression by blocking NF-κB activity. They also confirmed that CA (20 mg/kg) and CAPE (5mg/kg) repressed cell growth of tumor xenografts in nude mice as well as liver metastasis when administered subcutaneous or orally (Jaganathan & Mandal, 2009 ).
At the same time, Carrasco-Legleu et al. (2006) showed a protective effect of 2-phenylethyl 3(3,4-dihdroxyphenyl)-2-propenoate when a single dose was given before the initiation in rat hepatocarcinogenesis model. Administering CAPE in several doses during promotion caused a 90% decrease in the induction of c-glutamyl transpeptidase-positive (GGTþ) foci on day 25; decreases in markers of preneoplastic lesions, GGT activity, and the amount of glutathione-S-transferase class Pi (GST-p) protein were also observed. The results showed a protective effect against induction of preneoplasic lesions and are related to antioxidant and chemopreventive effects reported for CAPE (Weng & Yen, 2012) .
Prostate Cancer
Chemoprevention of prostate cancer forms a three-pronged approach to reduce the burden of this common disease. Specifically, prevention aims to reduce disease incidence, thereby reducing the treatment-related side effects and potentially reduce disease-specific mortality. Xu & Chang (2012) showed that phenolic content presents in food legumes commonly consumed exhibited a significant linear correlation with antioxidant activities and also possessed strong cancer cell proliferation inhibitory effects in nine different cancer cell lines. The phenolic antioxidants in beans may reduce oxidative stress in vitro and in vivo, may also prevent carcinogenesis and inhibit cancer cell proliferation (Xu & Chang, 2012 Likewise, coffee may be associated with a reduced risk of prostate cancer. This contains many biological active compounds, including caffeine and chlorogenic acids that have potent antioxidant activity and can affect glucose metabolism and sex hormone levels. Wilsom et al. (2011) observed a weak inverse association between total coffee intake and incidence of prostate cancer. Men who consumed six or more cups per day had an 18% lower risk of prostate cancer compared with men who did not drink coffee.
Roles of insulin-like growth factors in prostate cancer biology are now well-established. Recent clinical and laboratory data support the hypothesis that insulin itself also influences the behavior of prostate cancer. Insulin levels have been associated with a greater risk of cancer progression or mortality among men diagnosed with prostate can-cer. Coffee contains CGA, which inhibit glucose absorption in the intestine and may favorably alter levels of gut hormones, which affect insulin response. Quinines, the roasting products of CGA, inhibit liver www.ccsenet.org/cco Cancer and Clinical Oncology Vol. 1, No. 2; glucose production in experimental models (Wilsom et al., 2011) .
The role of caffeine and other components of coffee, regular and decaffeinated coffee separately, was investigated in prostate cancer. Similar associations with lethal and advanced can-cers were found for both (Wilson et al., 2011) . Additionally, Weng & Yen (2012) demonstrated an effective inhibition of in vitro invasion of human prostate cancer cells (PC3) using CA treatment.
Breast Cancer
Antioxidant effects, steroid receptor binding, direct interaction with intracellular elements and signaling systems and, aryl hydrocarbon receptor (AhR) binding and modification of subsequent signaling pathways have been proposed as possible mechanisms for the mediation of the breast oncoprotective effect of hydroxycinnamic acids.
Eight hydroxycinnamic acids, including p-coumaric acid, caffeic acid, ferulic acid, sinapic acid, vanillic acid and methoxycinnamic acid, were identified in the extracts of two different types of rice (bran and brown extract). Bran extract decreased numbers of viable MDA-MB 468 and HBL 100 breast cells, colon-derived SW480 cells and human colonic epithelial cells. It also reduced colony formation of SW480 colon and MDA-MB 468 breast cells. CA (50 µM) decreased the number of viable cells in all cancer cell lines studied, except HBL 100 (Hudson et al., 2000) .
At the same time, Kampa et al. (2004) studied the antiproliferative action of caffeic acid, syringic acid, sinapic acid, protocatechuic acid, ferulic acid and 3,4-dihydroxy-phenylacetic acid (PAA) on T47D human breast cancer cells. The results showed a time and dose-dependent inhibitory effect on cell growth among compounds: caffeic acid > ferulic acid = protocatechuic acid = PAA > sinapic acid = syringic acid. The antioxidative activity of these phenolic acids in T47D cells does not coincide with their inhibitory effect on tumoral proliferation. PAA induced an inhibition of nitric oxide synthase, while CA competes for binding and results in an inhibition of aryl hydrocarbon receptor-induced CYP1A1 enzyme, an enzyme induced by aryl hydrocarbon receptor activation. Both agents, however, induce apoptosis via the Fas/FasL system. These study show to note that necrotic cells were constantly low, indicating that these substances are not cytotoxic (Kampa et al., 2004) .
Additionally, in MCF7 breast cancer cells, inhibitors of NO synthesis (NG-nitro-L-arginin methyl ester) and NO scavengers induced apoptosis, via a p53-associated pathway, while in T47D cells suppression of NO production triggers an induction of apoptosis via a FKHRL1 (FOXO3a) kinase pathway, independent of phosphoinositide 3-kinase-Akt and caspase-3 activation. In this study, phenolic acids exert a direct antiproliferative action (Kampa et al., 2004) .
Lung Cancer
Lung cancer is the leading cause of cancer death in the world. Unfortunately, current therapy is still inadequate, and the 5-year survival rate for lung cancer remains poor. There is general agreement that the incidence of lung cancer is determined mainly by active cigarette smoking followed by occupational exposures. Epidemiological research has provided increasing evidence that dietary habits may play an important role in lung cancer etiology.
In this context, the consumption of an adequate diet rich in antioxidants are very important. Evidences have shown that ferulic acid (FA), a polyphenol very abundant in vegetables, acts as a potent antioxidant in vitro, due to its ability to scavenge free radicals. Furthermore, FA inhibited the expression and/or activity of cytotoxic enzymes including inducible nitric oxide synthase, caspases and cyclooxygenase-2. On this basis, FA has been proposed for the treatment of several age-related diseases such as cardiovascular diseases and cancer (Barone, Calabrese & Mancuso, 2008) . Sudheer et al. (2007) demonstrated that ferulic acid (FA), at a concentration ranging to10 from 150 uM, counteracted nicotine-induced lipid peroxidation and GSH depletion in rat lymphocytes. In the same study, nicotine has been shown to significantly impair the antioxidant cell defense system, but co-administration of FA (150 uM) counteracted the nicotine-induced decrease in superoxide dismutase catalase, glutathione peroxidase, vitamin A, E and C contents and this antioxidant effect was comparable to that elicited by N-acetylcysteine treatment.
On the other hand, Nagaoka et al. (2003) examined the antiproliferative activity of CAPE and its 20 analogues against six tumor cell lines. The oral administration of CAPE (5 mg/mice/d) for 7 d after tumor inoculation decreased the tumor weight and the number of tumor nodules in lung by 50% compared to the control. Besides CAPE, 4-phenylbutyl caffeate, 8-phenyl-7-octenyl caffeate, 2-cyclohexylethyl caffeate and n-octyl caffeate at an oral dose of 2 mg/mice/d caused a 55%, 43%, 55% and 35% reduction of the tumor nodules in their lung metastasis formation, respectively (Nagaoka et al., 2003) . Feng et al. (2010) studied the efficacy of Prunella extracts in the prevention and treatment of lung cancer. Prunella is a herb rich in bioactive compounds, including phenol acids (caffeic acid). The efficacy of Prunella extracts from different regions was compared in vitro and in vivo, and the TNF-α activity in serum of tumor-bearing mice were also evaluated. Prunella showed significant activity in the prevention and treatment of lung cancer through antiproliferation, regulation of tumor cell division cycle, promotion of apoptosis, antioxidative effects, immune regulation, antimutagenic effects, stimulation of macrophage phagocytic activity and induction of gene expression and production of macrophage-related cytokines (Feng et al., 2010) .
Conclusion
As discussed in this review, the cytoprotective effect of hydroxycinnamic acids in many experimental systems is well established. However, the potential use of supplemental hydroxycinnamic acids in the therapy of age-related human pathologies is still to be confirmed. The main concerns derive from the pharmacokinetics of hydroxycinnamic acids and in particular its poor bioavailability and metabolic fate. The first question to be addressed in further clinical studies should be the following: after oral supplementation in humans, does hydroxycinnamic acids reach tissue concentrations similar to those which have been shown to be effective in preclinical studies? Another confounding issue is that many studies have not defined the primary cellular site of action of hydroxycinnamic acids, with reported activities potentially caused by interaction with upstream binding partners, regulatory kinases, and receptors. Despite the knowledge about the antioxidant potential presented by hydroxycinnamic acids is of utmost importance studying the action of these substances in vivo, because no data were found regarding absorption, bioavailability conditions physiological plasma concentration and ideal for their protective activity against free radicals and cancer, although it has been found a high antioxidant potential these compounds in vitro.
